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P m ATKD APPT.TCATION 

ThisapplicationisacontinuationinpartofSerialNo. 09/061,709 filed April 17, 1998, 

incorporated by reference. 
ETFt D OF T tp= TNVF.NTION 

This invention relates to antigens associated with cancer, the nucleic acid molecules 

encoding them, as well as the uses of these. 

nAncOROI T"" 'N" PRinR ART 

„ is fairly well established that many pathological conditions, such as infections, cancer, 
autoimmune disorders, etc., are characterized by the inappropriate expression of certain 
molecules. These molecules thus serve as "markers" for a particular pathological or abnormal 

these abnormal conditions, the molecules serve as reagents which can be used to generate 

is the use of a peptide which complexes with an MHC molecule, to generate cytolytic T cells 

against abnormal cells. 

Preparation of such materials, of course, presupposes a source of the reagents used to 
generate these. Purification from cells is one laborious, far from sure method of doing so. 
Another preferred memod is the isolation of nucleic acid molecules which encode a partictdar 

Two basic strategies have been employed for the detection of such antigens, in e.g., 
The genetic approach is exempted by, e.g., dePlaen et al., Proc. Natl. Sci. USA 
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(1988), incorporated by reference. In this approach, several hundred pools of plasmids of a 
cDNA library obtained from a tumor are transfected into recipient cells, such as COS cells, or 
into antigen-negative variants of tumor cell lines which are tested for the expression of the 
specific antigen. The biochemical approach, exemplified by, e.g., O. Mandelboim, et al., Nature 
369: 69 (1994) incorporated by reference, is based on acidic elution of peptides which have 
bound to MHC-class I molecules of tumor cells, followed by reversed-phase high performance 
liquid chromography (HPLC). Antigenic peptides are identified after they bind to empty MHC- 
class I molecules of mutant cell lines, defective in antigen processing, and induce specific 
reactions wim cytotoxic T-lymphocytes. These reactions include 

TNF release, and lysis of target cells, measurable in an MTT assay, or a «Cr release assay. 

These two approaches to the molecular definition of antigens have the following 
disadvantages: first, they are enormously cumbersome, time-consuming and expensive; and 
second, they depend on the establishment of cytotoxic T cell lines (CTLs) with predefined 

specificity. 

The problems inherent to the two known approaches for the identification and molecular 
definition of antigens is best demonstrated by the fact that both methods have, so far, succeeded 
in defining only very few new antigens in human tumors. See, e.g., van der Bruggen et al., 
Science 254: 1643-1647 (1991); Brichard et al., J. Exp. Med. 178: 489-495 (1993); Coulie, et 
al.,J. Exp. Med. 180: 35-42 (1994); Kawakami, et al., Proc. Natl. Acad. Sci. USA91.3515- 
3519(1994). 

Further, the methodologies described rely on the availability of established, permanent 
cell lines of the cancer type under consideration. It is very difficult to establish cell lines from 

certamcancertypes,^^ AllCTg - ^ ^ ^ 
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10:607-637(1990). ,, is aUo known that some epithelial ceU type cancers are poorly susceptible 

additional methodologies for identifying cancer associated antigens. 

One key methodology is described by Sahin, e. al., Proc. Natl. Acad. Sci. USA 92: 

,1810-11913 (1995), incorporated by reference. Also, M U.S. Patent No. 5,698,396, and 
Ap phcationSerialNo.08/479,328, fi .edon I u„e7,.99 5 and J an„ary3,.996,rcspee n ve,y.Al. 

.hreeofthesereferences are incorporated by reference. To summarize, me medrod involves me 
expression of cDNA Ubraries in a prokaryotic host. (The libraries are secured from a tumor 
sample). The expressed libraries are then immunoscreened with absorbed and diluted sera, in 
order to detect those antigens which elicit high titer humoral responses. This methodology is 
known as the SEREX method ("Serological identification of antigens by Recombinant 
to ressionC.ordn g -O.Theme*« 

identified tumor associated antigens, as weU as to detect new one, See the above referenced 
patent apphcations and Sahin, et a,., m as well as Crew, e, a!., EMBO J 144: 2333-2340 
(1995). 

Thismemodologyhasbeenappliedtoarangeofnunorwes.mcludmgmosedescribed 
by Sahin e, al., Slfflm, and Pfreundschuh, » as well as to esophageal cancer (Chen e, al., 
Proc. NatkAcad. Sci. USA 94: 1914-1918 (1997)); lung cancer (Gure et al.. Cancer Res. 58: 

,034-104.(1998)); coloncancer(Seria 1 No. 08/948, 705 fi.ed October 10, .997) incorporated 
by reference, and so form. Among the antigens identified via SEREX are the SSX2 molecme 

(Sahin eta.., Proc. Na,,. Acad. Sci. USA 92: 1 1810-1 1813 (1995); Tureci et al., Cancer Res. 

56' 4766-4772 (1996); NY-ESO-1 Chen, et al., Proc. Natl. Acad. Sci. USA 94: 1914-1918 

(,,,7)- and SCP, (Serial No. 08/892,705 fed luly .5, 1997) incorporated by reference. 
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Analysis of SEREX identified antigens has shown overlap between SEREX defined and CTL 
defined antigens. MAGE-1, tyrosinase, and NY-ESO-1 have all been shown to be recognized 
by patient antibodies as well as CTLs, showing that humoral and cell mediated responses do act 
in concert. 

It is clear from this summary that identification of relevant antigens via SEREX is a 
desirable aim. The inventors have modified standard SEREX protocols and have screened a cell 
line known to be a good source of the antigens listed supra, using allogeneic patient sample. 
New antigenshavebeenidentifiedinthis way and havebeen studied. Also, a previously known 
molecule has now been identified via SEREX techniques. 
rvFTATT.F.D DFQ^TPTTON OF re*FFRRFX) EMBODIMENTS 

Example 1 

The melanoma cell referred to as SK-MEL-37 was used, because it has been shown to 
express a number of members of the CT antigen family, including MAGE-1 (Chen et al., Proc. 
Natl. Acad. Sci. USA 91 -.1004-1008 (1994); NY-ESO-1 (Chen etal. Proc. Natl. Acad. Sci. 
USA94: 1914-1918(1997)); and various members oftheSSX family (Gureetal., Int. J. Cancer 
72: 965-971 (1997)). 

Total RN A was extracted from cultured samples of SK-MEL-3 7 using standard methods, 
andthiswasthenusedtoconst^ 
vector, follow^ 

E. coli and screened, following Sahin etal., Proc. Natl. Acad. Sci. USA 92: 11810-11813 
(1995), incorporated by reference, and Pfreundschuh, U.S. Patent No. 5,698,396, also 
incorporatedbyreference. The screening was done with allogeneic patient serum «NW3 8 This 
serum had been shown, previously, to contain high titer antibodies against MAGE-1 and NY- 
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ESO-l. See,e.g.,Jagere«al.,J. Exp. Med. 187: 265-270 (1998), incorporated by reference. 
ta brief, serum was diluted 1:10, preabsorbed win, lysa.es of transfected E. coli, former diluted 
,„ 1:2000, and men incubated overnight a. room temperature with nitroceihuose membranes 
containing phage piagues, prepared in accordance with Sahin e, a,., and Pfreundschuh, m 

withalkalinephosphatase conjugated, goatann-humanFc, secondary antibodies, and weremen 
visuahzedbytacubatmgwimS-bromo-^^ 

Alter screening 1.5x10= of the clones, a totai of sixty-one positives had been identified. 
Given mis number, screening was stopped, and the positive clones were subjected to mrther 



analysis. 



Exam ple 2 

Theposi.iveclonesidenafiedinexamplel.supra.werepurified.theinsertswere excised 
in vitro, and inserted into a commercial available plasmid, oBK-CMV, and then evaluated on 

on the basis of this step were sequenced, using standard methodologies. 

There was a group of 10 Cones, which couid no, be classified other than as 
"mUceuaneous genes", in that drey did no. seem to belong .0 any particular family. They 
consisted of 9 dis.inc. genes, of which four were known, and five were new. The fifty one 
remaining clones were Cassified into four groups. The data are preyed in Tabies 1 and 2, 

which follow. 

Thelarges.grouparegenesrela<ed.oKOC(™^ 
in sancer" which has been shown to be overexposed in pancreatic cancer, and maps ,0 
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chromosome 7pl 1.5. See Mueller-Pillasch et al., Oncogene 14: 2729-2733 (1997). Two of the 
33 were derived from the KOC gene, and the other 31 were derived from two previously 
unidentified, but related genes. Examples 6 et seq. describe work on this group of clones. 

Eleven clones, i.e., Group 2, were MAGE sequences. Four were derived from MAGE-4a, 
taught by DePlaen et al., Immunogenics 40: 360-369, Genbank U10687, while the other 7 
hybridized to a MAGE-4a probe, derived from the 5' sequence, suggesting they belong to the 
MAGE family. 

The third group consisted of five clones of the NY-ESO-1 family. Two were identical 
to the gene described by Chen etal.,Proc. Natl. Acad. Sci. USA 94: 1914-1918 (1997), and 
in Serial No. 08/725,1 82, filed October 3, 1 996, incorporated by reference. The other three were 
derived from a second member of the NY-ESO-1 family, i.e., LAGE-1. See U.S. application 
Serial No. 08/791,495, filed January 27, 1997 and incorporated by reference. 

The fourth, and final group, related to a novel gene referred to as CT7. This gene, the 
sequence of which is presented as SEQ ID NO: 1, was studied further. 
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Table 1. SEREX-identified genes from allogeneic screening of SK-MEL-37 library 



Gene group 
KOC 
MAGE 
NY-ESO-1 
CT7 
Miscellaneous 



# of clones 
33 
11 
5 
2 

10 



Comments 

derived from 3 related genes 
predominantly MAGE-4a (see text) 
derived from 2 related genes (NY-ESO-1, LAGE-1) 
new cancer/testis antigen 
see Table 2 



Table 2. SEREX-identified genes from allogeneic screening of SK-MEL-37 library- 
Miscellaneous group 



Clone designation 
MNW-4, MNW-7 
MNE-6a 
MNW-24 
MNW-27a 
MNW-6b 

MNW-14b 

MNW-34a 
MNW-17 
MNW-29a 



Gene 

S-adenyl homocysteine hydrolase 
Glutathione synthetase 
proliferation-associated protein p38-2G4 
phosphoribosyl pyrophosphate synthetase-associated protein 39 
unknown gene, identical to sequence tags from pancreas, uterus 
etc. 

unknown gene, identical to sequence tags from lung, brain, 
fibroblast etc. 

unknown gene, identical to sequence tags from multiple tissues 
unknown gene, identical to sequence tags from pancreas and fetus 
unknown gene, no significant sequence homology, universally 

expressed ^ , 
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Example 3 

The two clones for CT7, referred to supra, were 21 84 and 1965 base pairs long. Analysis 
ofthe longer one was carried out. It presented an open reading frame of 543 amino acids, which 
extended to the 5 1 end ofthe sequence, indicating that it was a partial cDNA clone. 

In order to identify the complete sequence, and to try to identify additional, related genes, 
a human testicular cDNA library was prepared, following standard methods, and screened with 
probes derived from the longer sequence, following standard methods. 

Eleven positives were detected, and sequenced, and it was found that all derived from the 
same gene. When the polyA tail was excluded, full length transcript, as per SEQ ID NO: 1, 
consisted of 4265 nucleotides, broken down into 286 base pairs of untranslated 5 1 - region, a 
coding region of 3429 base pairs, and 550 base pairs of untranslated 3' region. The predicted 
protein is 1 142 amino acids long, and has a calculated molecular mass of about 125 kilodaltons. 
See SEQ ID NO: 2. 

The nucleotide and deduced amino acid sequences were screened against known 
databases, and there was some homology with the MAGE- 10 gene, described by DePlaen et al., 
Immunogenetics40: 360-369(1994). The homology was limited to about 210 carboxy terminal 
amino acids, i.e., amino acids 908-1 1 15 ofthe subject sequence, and 134-342 of MAGE- 10. The 
percent homology was 56%, rising to 75% when conservative changes are included. 

There was also extensive homology with a sequence reported by Lucas et al., Cane. Res. 
58: 743-752 (1998), and application Serial No. 08/845,528 filed April 25, 1997, also 
incorporated by reference. A total of 14 nucleotides differ in the open reading frame, resulting 
in a total of 1 1 amino acids which differ between the sequences. 
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The 5' region of the nucleotide and sequence and corresponding amino acid sequence 
demonstrates a strikingly repetitive pattern, with repeats rich in serine, proline, glutamine, and 
leU cine, with an almost invariable core of PQSPLQI (SEQ ID NO: 3). In the middle of the 
molecule, 11 almost exact repeats of 35 amino acids were observed. The repetitive portions 
ma ke up about 70% of the entire sequence, begin shortly after translation initiation, at position 
1 5, and ending shortly before the region homologous to MAGE 4a. 

Exam ple 4 

Theexp re s S ionpa tt emformRNAofCT7wasU 1 e I > S mdie<i,inbothnotmala„dma 1 igna„t 
tissue, RT-PCR was used, employing primers specific for the gene. The estimated melting 
temperature of the primers was 65-70-C, and they were designed to amp.,* 300-600 base pair 
segments. A tota! of 35 amp.ification cyc.es were carried out, a. an annealing temperature of 
60°C. Table3, which follows, presents me da^ for human nnnor tissues. CT7 was expressed 
inanumberofdifferen, samples. Of fourteen nonna, tissues. ested, mere was «^ 

('m testis^one in colon^brain, adrenal, lung, breast-, prostate, *yrnus , oruterus 

SiSrfi^as>o« 

expression, and one showed weak expression. 



Table 3. CT7 mRNA expression in variou(humo^tumors by RT-PCR 
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Tumor type 


mRNA, positive/total 


Melanoma 


7/10 


Breast cancer 


3/10 


Lung cancer 


3/9 


Head/neck cancer 


5/14 


Bladder cancer 


4/9 


Colon cancer 


1/10 


Leimyosarcoma 


1/4 


synovial sarcoma 


2/4 


Total 


26/70 



Example 5 

Southern blotting experiments were then carried out to determine if CT7 belonged to a 
family of genes. In these experiments, genomic DNA was extracted from normal human tissues. 
It was digested with BamHI, EcoRI, and Hindm, separated on a 0.7% agarose gel, blotted onto 
a nitrocellulose filter, and hybridized, at high stringency (65°C, aqueous buffer), with a 32 P 
labelled probe, derived from SEQ ID NO: 1. 

The blotting showed anywhere from two to four bands, suggesting one or two genes in 

the family. 



Example 6 

As noted in example 2, supra, thirty three of the sixty one positive clones were related 
to KOC. Clones were sequenced using standard methodologies. As indicated supra, one clone 
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was identical to KOC, initially reported by Miieller-Pillasch, et al., supra . Given that two 
additional related sequences were identified, the known KOC gene is referred to as KOC-1 
hereafter (SEQ ID NO: 4). The second clone, referred to as KOC-2 hereafter, was found once. 
The sequence is presented as SEQ ID NO: 5. Its deduced amino acid sequence is 72.5% identical 
to that for KOC-1. 

The third sequence, KOC-3, appeared thirty times (SEQ ID NO: 6). Its deduced amino 
acid sequence is 63% identical to KOC-1. 

Testicular cDNA libraries were analyzed in the same way that the SK-MEL-37 library 
was analyzed, i.e., with allogeneic serum from NW-38. See example 3, supra . 

Following analysis of testicular libraries, a longer form of KOC-2 was isolated. This is 
presented as SEQ ID NO: 7. When SEQ ID NOS: 5 & 7 are compared, the former is 1705 base 
pairs in length, without a polyA tail. It contains 1362 base pairs of coding sequence, and 343 
base pairs of 3 f untranslated sequence. Nucleotides 275-1942 of SEQ ID NO: 7 are identical to 
nucleotides 38-1705 of SEQ ID NO: 5. 

The sequence of KOC-3, set forth as SEQ ID NO: 6, is 3412 base pairs long, and consists 
of 72 base pairs of 5' untranslated region, 1707 base pairs of open reading frame, and 1543 base 
pairs of untranslated, 3' region. An alternate form was also isolated, (SEQ ID NO: 8), and is 129 
base pairs shorter than SEQ ID NO: 6. 



Example 7 

Expression patterns for KOC4, KOC-2 and KOC-3 were then studied, using RT-PCR 

/ 

and the following primer pairs: 
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GAAAGTATCT TCAAGGACGC C 
CTGCAAGGGG TTTTGCTGGG CG 
(SEQIDNOS:9&10). 

TCCTTGCGCG CTGCGGCCTC AG 
CCAACTGGTG GCCATTCAGCT TC 
(SEQIDNOS: 11 & 12) 

GCTCTTTGGG GACAGGAAGG TC 
GACGTTGACA ACGGCGGTTT CT 
(SEQIDNOS: 13 & 14). 

SEQ ID NOS: 9 & 10 were designed to amplify KOC-1 while SEQ ID NOS: 1 1 & 12 were 
designed to amplify KOC-2, and SEQ ID NOS: 13 & 14 were designed to amplify KOC-3. 

To carry out the RT-PCR, relevant primer pairs were added to cDNA samples prepared 
from various mRNAs by reverse transcription. PCR was then carried out at an annealing 
temperature of 60°C, and extension at 72°C, for 35 cycles. The resulting products were then 
analyzed by gel electrophoresis. 

SEQ ID NOS 9 & 10 amplify nucleotides 305-748 of SEQ ID NO: 1. A variety of 
normal and malignant cell types were tested. Strong expression was found in testis, moderate 
expression in normal brain, and low levels of expression were found in normal colon, kidney, 
and liver. 

The Mueller-Pillasch paper, cited supra, identified expression of KOC-1 in pancreatic 
tumor cell lines, gastric cancer, and normal placenta, via Northern blotting. This paper also 
reported that normal heart, brain, lung, liver, kidney and pancreatic tissue were negative for 

13 



556918.1 



LUD 5538.1-JEL/NDH 

KOC-1 expression. The difference in results suggests that the level of expression of KOC-1 is 
very low in normal tissues. 



When KpC^ expression was studied, the only positive normal tissue was testis (brain, 
liver, kidney and colon were negative). 

Modification of the protocol for detecting KOC-2 resulted in positives in normal kidney, 

liver and melanoma. 

C When KOC-3 expression was studied, it was found that the gene was universally 
expressed in normal tissues, with highest expression in testis. 

The pattern of expression of KOC-3 in different melanoma cell lines was analyzed, using 
standard Northern blotting. Over expression injsevera^ ^^^J^J^^^Jf^ is 
consistent with the more frequent isolation of this clone than any other. 



Example 8 

A study was carried out to determine if KOC- 1 is expressed at higher levels in melanoma 
cells, as compared to normal skin cells. This was done using representational difference analysis, 
or "RDA." See Lisitsyn, et al. Science 259: 946-95 1 (1993), and O'Neill, et al. Nucl. Acids Res. 
25:2681-2 (1997), both of which are incorporated by reference. Specifically, tester cDNA was 
taken from SK-MEL-37, and driver cDNA was taken from a skin sample representing mRNA 
from various cell types in the skin. The cDNAs were digested with either Tsp509I, Hsp92II, or 
DpnH. When DpnE was the enzyme used for digestion, adaptor oligonucleotides R-Bgl-24, J- 
Bgl-24, and N-Bgl-24 described by O'Neill, et al., supra , and Hubank, et al. Nucl. Acids Res. 
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22:5640-5648 (1994) were used. When Tsp509I was the endonuclease, the same adaptors were 
used, as were R-Tsp-12, i.e.: 

AATTTGCGGT GA 

(SEQIDNO: 15) 
J-Tsp-12, i.e.: 

AATTTGTTCA TG 

(SEQ ID NO: 16) 
andN-Tsp-12, i.e.: 

AATTTTCCCT CG 

(SEQIDNO: 17) 

When Hsp92H was the endonuclease, the adaptors were: 
R-Hsp-24, i.e.: 

AGCACTCTCC AGCCTCTCAC CATG 

(SEQ ID NO: 18); 
J-Hsp-24, i.e.: 

ACCGACGTCG ACTATCATG CATG 

(SEQ ID NO: 19); 
N-Hsp-24, i.e.: 

AGGCAACTGT GCTATCCGAG CATG 

(SEQ ID NO: 20); 
R-Hsp-8, i.e.: 

GTGAGAGG 

(SEQ ID NO: 21); 

15 
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J-Hsp-8, i.e.: 

CATGGATG 

(SEQ ID NO: 22); 
N-Hsp-8, i.e.: 

CTCGGATA 

(SEQ ID NO: 23). 

In order to hybridize tester and driver, either 3XEE buffer (30mM EPPS, pH8, 3mM 
EDTA), or a buffer of 2.4M tetraethylammonium chloride (TEAC1) 3mM EDTA, lOmM Tns 
HC1, pH8, was used. When DNA was dissolved" in 10 n\ of TEAC1 buffer, it was denatured at 
80°C for 10 minutes, followed by renaturing at 42 °C for 20 hours. Amplicons were gel purified, 
and the DP3 or DP2 product was ligated into BamHI (when DpnH was used), EcoRI (when Tsp 
5091 was used), or SpHI (when Hsp92ff was used), cloning vectors were digested, and then 
sequenced. Sequence analysis of the cDNA molecules derived from these experiments identified 
KOC-1 as one of the genes isolated, indicating that KOC-1 mRNA is present at a higher level 
in Sk-Mel 37 cells as compared to normal skin cells. 

The foregoing examples describe the isolation of a nucleic acid molecule which encodes 
a cancer associated antigen. "Associated" is used herein because while it is clear that the relevant 
molecule was expressed by several types of cancer, other cancers, not screened herein, may also 
express the antigen. 

The invention relates to those nucleic acid molecules which encode the antigens CT7, 
KOC-2 and KOC^-3 , as described herein, such as a nucleic acid molecule consisting of the 
nucleotide sequence SEQ ID NO: 1, molecules comprising the nucleotide sequence of SEQ ID 
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NO: 5, 6, 7 or 8 and so forth. Also embraced are those molecules which are not identical to SEQ 



Also a part of the invention are expression vectors which incorporate the nucleic acid 
molecules of the invention, in operable linkage (i.e., "operably linked") to a promoter. 
Construction of such vectors, such as viral (e.g., adenovirus or Vaccinia virus) or attenuated viral 
vectors is well within the skill of the art, as is the transformation or transfection of cells, to 
produce eukaryotic cell lines, or prokaryotic cell strains which encode the molecule of interest. 
Exemplary of the host cells which can be employed in this fashion are COS cells, CHO cells, 
yeast cells, insect cells (e.g., Spodoptera fruginerda) , NIH 3T3 cells, and so forth. Prokaryotic 
cells, such as E. coli and other bacteria may also be used. Any of these cells can also be 
transformed or transfected with further nucleic acid molecules, such as those encoding cytokines, 
e.g., interleukins such as IL-2, 4, 6, or 12 or HLA or MHC molecules. 

Also a part of the invention are the antigens described herein, both in original form and 
in any different post translational modified forms. The molecules are large enough to be 
antigenic without any posttranslational modification, and hence are useful as immunogens, when 
combined with an adjuvant (or without it), in both precursor and post-translationally modified 
forms. Antibodies produced using these antigens, both poly and monoclonal, are also a part of 
the invention as well as hybridomas which make monoclonal antibodies to the antigens. The 
whole protein can be used therapeutically, or in portions, as discussed infra . Also a part of the 
invention are antibodies against this antigen, be these polyclonal, monoclonal, reactive 
fragments, such as Fab, (F(ab) 2 ' and other fragments, as well as chimeras, humanized antibodies, 
recombinantly produced antibodies, and so forth. 





ID NOS: 1, 5, 6, 7 or 8, but which encode the same antigen. 
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As is clear from the disclosure, one may use the proteins and nucleic acid molecules of 
the invention dia^io^ally. The SEREX methodology discussed herein is premised on an 
immune response to a pathology associated antigen. Hence, one may assay for the relevant 
pathology via, e.g., testing a body fluid sample of a subject, such as serum, for reactivity with 
the antigen per se. Reactivity would be deemed indicative of possible presence of the pathology. 
So, too, could one assay for the expression of any of the antigens via any of the standard nucleic 
acid hybridization assays which are well known to the art, and need not be elaborated upon 
herein. One could assay for antibodies against the subject molecules, using standard 

immunoassays as well. 

Analysis of SEQ ID NO: 1, 5, 6, 7 and 8 will show that there are 5' and 3' non-coding 
regions presented therein. The invention relates to those isolated nucleic acid molecules which 
contain at least the coding segment, i.e., nucleotides 54-593, of SEQ ID NO: 1, nucleotides 1- 
1019 of SEQ ID NO: 3, nucleotides 73-1780 of SEQ ID NO: 8, and so forth, and which may 
contain any or all of the non-coding 5' and 3' portions. 

Also apart of the invention are portions of the relevant nucleic acid molecules which can 
be used, for example, as oligonucleotide primers and/or probes, such as one or more of SEQ ID 
NOSf7, 8,), 10, 1 1, 12, 13 or 14 as well as amplification product like nucleic acid molecules 



comprising at least nucleotides 305-748 of SEQ ID NO: 1. 

As was discussed supra, study of other members of the "CT" family reveals that these are 
also processed to peptides which provoke lysis by cytolytic T cells. There has been a great deal 
of work on motifs for various MHC or HLA molecules, which is applicable here. Hence, a 
further aspect of the invention is a therapeutic method, wherein one or more peptides derived 
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from the antigens of the invention which bind to an HLA molecule on the surface of a patient's 
tumor cells are administered to the patient, in an amount sufficient for the peptides to bind to the 
MHC/HLA molecules, and provoke lysis by T cells. Any combination of peptides may be used. 
These peptides, which may be used alone or in combination, as well as the entire protein or 
immunoreactive portions thereof, may be administered to a subject in need thereof, using any of 
the standard types of administration, such as intravenous, intradermal, subcutaneous, oral, rectal, 
and transdermal administration. Standard pharmaceutical carriers, adjuvants, such as saponins, 
GM-CSF, and interleukins and so forth may also be used. Further, these peptides and proteins 
may be formulated into vaccines with the listed material, as may dendritic cells, or other cells 
which present relevant MHC/peptide complexes. 

Similarly, the invention contemplates therapies wherein nucleic acid molecules which 
encode the proteins of the invention, one or more or peptides which are derived from these 
proteins are incorporated into a vector, such as a Vaccinia or adenovirus based vector, to render 
it transferable into eukaryotic cells, such as human cells. Similarly, nucleic acid molecules 
which encode one or more of the peptides may be incorporated into these vectors, which are then 
the major constituent of nucleic acid bases therapies. 

Any of these assays can also be used in progression/regression studies. One can monitor 
the course of abnormality involving expression of these antigens simply by monitoring levels of 
the protein, its expression, antibodies against it and so forth using any or all of the methods set 
forth supra . 

It should be clear that these methodologies may also be used to track the efficacy of a 
therapeutic regime. Essentially, one can take a baseline value for a protein of interest using any 
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of the assays discussed suEia, administer a given therapeutic agent, and then monitor levels of 
meprotemthereafter.observmgchangesmantigenlevelsasindiciaofm^ 

As was indicated supra, the invention involves, inter alia, the recognition of an 
"integrated" immune response to the molecules of the invention. One ramification of this is the 
ability to monitor the course of cancer therapy. In this method, which is a part of the invention, 
a subject in need of the therapy receives a vaccination of a type described herein. Such a 
vaccination results, e.g., in a T cell response against cells presenting HLA/peptide complexes on 
their cells. The response also includes an antibody response, possibly a result of the release of 
antibody provoking proteins via the lysis of cells by the T cells. Hence, one can monitor the 
effect of a vaccine, by monitoring an antibody response. As is indicated, supra, an increase in 
antibody titer may be taken as an indicia of progress with a vaccine, and vice versa. Hence, a 
further aspect of the invention is a method for monitoring efficacy of a vaccine, following 
administration thereof, by determining levels of antibodies in the subject which are specific for 
the vaccine itself, or a large molecule of which the vaccine is a part. 

The identification of the subject proteins as being implicated in pathological conditions 
such as cancer also suggests a number of therapeutic approaches in addition to those discussed 
supra. The experiments set forth supra establish that antibodies are produced in response to 
expression of the protein. Hence, a further embodiment of the invention is the treatment of 
conditions which are characterized by aberrant or abnormal levels of one or more of the proteins, 
via administration of antibodies, such as humanized antibodies, antibody fragments, and so forth. 
These may be tagged or labelled with appropriate cystostatic or cytotoxic reagents. 
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T cells may also be administered. It is to be noted that the T cells may be elicited in vitro 
using immune responsive cells such as dendritic cells, lymphocytes, or any other immune 
responsive cells, and then reperfused into the subject being treated. 

Note that the generation of T cells and/or antibodies can also be accomplished by 
administering cells, preferably treated to be rendered non-proliferative, which present relevant 
T cell or B cell epitopes for response, such as the epitopes discussed supra . 

The therapeutic approaches may also include antisense therapies, wherein an antisense 
molecule, preferably from 10 to 100 nucleotides in length, is administered to the subject either 
"neat" or in a carrier, such as a liposome, to facilitate incorporation into a cell, followed by 
inhibition of expression of the protein. Such antisense sequences may also be incorporated into 
appropriate vaccines, such as in viral vectors (e.g., Vaccinia), bacterial constructs, such as 
variants of the known BCG vaccine, and so forth. 

Also a part of the inventions are Peptides, such as those set forth in Figure 1, and those 
which have as a core sequence 

PQSPLQI (SEQ ID NO.: 3) 
These peptides may be used therapeutically, via administration to a patient who expresses CT7 
in connection with a pathology, as well as diagnostically, i.e., to determine if relevant antibodies 

are present and so forth. 

Other features and applications of the invention will be clear to the skilled artisan, and 
need not be set forth herein. The terms and expression which have been employed are used as 
terms of description and not of limitation, and there is no intention in the use of such terms and 
expression of excluding any equivalents of the features shown and described or portions thereof, 
it being recognized that various modifications are possible within the scope of the invention. 
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